The pine marten, Martes martes, and the beech marten, Ma. foina, are sympatric species that are often mistaken for one another and yet have different conservation and management priorities. Three microsatellites originally isolated from the Eurasian badger, Meles meles, were amplified and sequenced in Ma. martes and Ma. foina. One of the regions includes a dinucleotide repeat, which is long, imperfect, and variable in both Me. meles and Ma. martes but shorter, perfect, and fixed in size in Ma. foina. Probabilities of allele exclusion confirmed that products amplified from these microsatellites could be used as a simple species-specific marker to distinguish the 2 species of Martes.
The genus Martes includes 8 living species within the diverse Mustelidae. Five (Ma. americana, Ma. foina, Ma. martes, Ma. melampus, and Ma. zibellina) are morphologically very similar (Macdonald 1984) . Two of these, the beech marten, Ma. foina, and the pine marten, Ma. martes, are sympatric in vast parts of Eurasia and can share the same habitat in deciduous forests of central Europe and in coniferous forests in areas such as the Pyrenees (Ruiz-Olmo and Aguilar 1995). The 2 species are often indistinguishable in the field. They are similar in size, and although Ma. martes usually has a smaller, yellower spot under the throat than does Ma. foina, variability in shape and color of this throat bib can be misleading in certain individuals (MitchellJones et al. 1999) . Their feces are very similar in both appearance and content and cannot be distinguished in areas where the species overlap (R. Strachan, pers. comm.) * Correspondent: xavier.domingo@cexs.upf.es Martes foina has been increasing in number in Europe, even in suburban and urban areas, since the 1960s, whereas Ma. martes has been subject to a long-term decline in much of Europe (Mitchell-Jones et al. 1999) . There are no longer any viable populations in some parts of its historical distribution, such as England and Wales (Bright and Smithson 1997 Wild mammals are often secretive, and their management frequently relies on indirect evidence of their presence, such as feces, to establish their distribution, abundance, and feeding ecology. When attempting to identify prey and predator in predation events, and even in forensic cases, we are also often left with nothing but feces, hair, or small biological remains, which cannot be assigned to a given species without molecular tools. Techniques based on amplification of DNA using polymerase chain reaction (Saiki et al. 1988 ) are currently preferred because they facilitate detection of genetic differences from minute amounts of tissue such as cells shed from intestinal lining (Höss et al. 1992) or hair (Taberlet and Bouvet 1992) . Molecular techniques used to identify species include amplification of a mitochondrial DNA region and sequencing or digesting (or both) of amplified DNA fragments (Avise 1994; Hansen and Jacobsen 1999; Paxinos et al. 1997) . Reed et al. (1997) used a probabilistic approach based on different allele frequencies at several microsatellite loci for different species. Microsatellites, or simple tandem repeats, are among the most variable DNA regions known, and their use is widespread in wildlife management, for instance, in individual identification or in paternity testing (Queller et al. 1993) . Mutation levels at these loci vary with the length and sequence of repeats, and these markers can also be used to make phylogenetic, phylogeographic, and demographic inferences (Goldstein and Schlötterer 1999) , making them suitable candidates for species-specific markers.
While looking for allelic differences at several microsatellite loci across mustelid species, I detected a region that can be used to differentiate between Ma. foina and Ma. martes. In this study I describe the properties and uses of this marker and provide DNA sequences to examine the evolution of this microsatellite in mustelids.
MATERIALS AND METHODS
Muscle tissue from 36 Ma. foina individuals were obtained from Belarus (1), Denmark (1), France (2), and Spain (32), and muscle tissue from 22 Ma. martes individuals were obtained from Belarus (1), Finland (14), France (1), Spain (1), and United Kingdom (5). Animals were obtained from museums, road kills, and legal hunting. Individuals were assigned to species by clear morphological patterns and geographic origin in known areas of allopatry. Blood samples from the Eurasian badger (Meles meles) were obtained from a wild population inhabiting Wytham Woods, Oxfordshire, United Kingdom. Samples were collected from Me. meles as described in Domingo-Roura (2000) . DNA from badgers and martens was extracted using standard phenol-chloroform protocols (Sambrook et al. 1989) . Genomic DNA extracted from muscle tissue from a road-killed Me. meles from Wytham Woods was digested with MboI, and 100-to 450-bp fragments were recovered. The fragments were ligated into pUC18 vector and transformed into XL-1 Blue cells (Stratagene, La Jolla, California). The resulting colonies were plated into nylon membranes, which were hybridized with [␥ 32 P]-ATP-labeled (CA) 15 , (GAAA) 10 , or (GATA) 10 probes. DNA inserts of clones exhibiting a strong signal were sequenced, and primers were designed for 33 loci, of which 4 were tested across mustelid species for speciesspecific alleles. Three loci, named Mel08, Mel09, and Mel10, were variable across species (Table 1) . Sequences for these loci have been deposited in European Molecular Biology Laboratory database under accession numbers AJ309847-AJ309849.
Polymerase chain reactions (15 l) for amplification of loci using badger and marten DNA as a template contained 50 ng of DNA, 16.6 mM (NH 4 ) 2 SO 4 , 67 mM Tris-HCl (pH ϭ 8.8), 0.01% Tween-20, 2.5 mM MgCl 2 , 2.5 mM of each deoxynucleoside triphosphate, 2.5 picomol of each primer, and 0.5 units of Taq polymerase (Ecogen, Barcelona, Spain). Reactions were performed in a Perkin-Elmer thermocycler (Perkin-Elmer, Norwalk, Connecticut), and reaction conditions were 94ЊC for 3 min, 30 cycles at 94ЊC for 40 s, 40 s at the annealing temperature (Table 1) and 72ЊC for 40 s, and a final extension of 5 min at 72ЊC.
Two microliters of polymerase chain reaction product were run in a 5% acrylamide gel (20 by 20 cm) in a Protean IIxi Cell (Bio-Rad, Hercules, California). Gels were stained in ethidium bromide and visualized on an Alpha Imager (Sokal and Rohlf 1995) , where alleles either have or do not have a given size, certain alleles are much more likely to occur than others, occurrence of an allele is independent of prior occurrences within the sampling unit, and number of times an allele does not occur is infinitely large. In a Poisson distribution, expected frequency of samples containing no rare event (containing no undetected alleles other than those I detected) for each marten species is f ϭ 1/e , where is parametric mean of the distribution, and ϭ 2nq, where n and 2n refer to number of individuals and chromosomes tested, respectively, and q is the unknown frequency of the rare allele in the population. The 1st equation can be converted into f ϭ e Ϫ2nq . Setting expected frequency as a significance level (f ϭ ␣ ϭ 0.05), maximum expected frequency of an allele present in the population but absent in my sample is q ϭ ln ␣/2n.
RESULTS
Repeat structure of 3 microsatellites isolated from Me. meles (Table 1) Me. meles. It also detected 4 alleles between 153 and 165 bp in Ma. martes, but the region was fixed at 128 bp in the sample of Ma. foina, which included animals from separate geographic origins. According to equation q ϭ ln ␣/2n, maximum expected frequency of a presumed undetected allele equals 0.041 (n ϭ 36) for Ma. foina and 0.066 (n ϭ 22) for Ma. martes (␣ ϭ 0.05 for both species).
Sequences corresponding to Me. meles and to individuals of different geographic origins from each marten species indicate that changes are mainly because of fewer repeat units in the microsatellite of Ma. foina (Fig. 1) . In addition to this main change, after the microsatellite core repeat regions there is a T 7 minor repeat in Ma. martes, whereas this spot has a T 6 sequence in Ma. foina and also in Me. meles. The 3 Ma. foina sequences obtained were identical, whereas changes within Ma. martes could only be attributed to a deletion of 2-6 repeat units, and this probably causes the main variability pattern in this species. The region is presumably fixed in Ma. foina, and the marker designed from locus Mel10 can be used to identify samples from this species.
DISCUSSION
The 3 markers that were developed and tested were conserved across different genera within the Mustelidae and add to the evidence (Dallas and Piertney 1998; Fleming et al. 1999 ) that primers developed in 1 mustelid species can amplify the target region in other species of the same family. Amplification of contaminant tissues from distantly related mammals such as humans is unlikely, but care should be taken to avoid contamination between mustelids. Cannibalism (Lüps and Roper 1990) and predation within mustelids (Erlinge 1981; Polderboer et al. 1941) could increase the possibility of contamination.
Two of the markers (from loci Mel08 and Mel09) differentiate Me. meles samples from other mustelid species, though a larger number of animals need to be tested. In addition, Mel10 shows low levels of variability (only 2 different alleles were detected in a sample of 40 British Me. meles-Domingo-Roura et al., in litt.), but it can still be used as a species-specific marker in other mustelid species. Markers designed around short or imperfect microsatellites may be potentially used as species-specific markers or for phylogenetic inference.
Sequence differences found in Mel10 between the 2 marten species (Fig. 1) indicate that changes are mainly because of fewer repeat units in the microsatellite of Ma. foina. The majority of mutations observed in microsatellites are of a single step or repeat unit, and only a significant minority are double-step or multistep mutations (Di Rienzo et al. 1994; Goldstein and Pollock 1997) . Probability of a Ma. martes having a 128-bp allele is even lower than 0.066, if we consider the additional mutational steps needed to reach 129 bp from 153 bp, the size of the shortest allele detected in Ma. martes and the deletion observed in the Ma. foina flanking region. An additional mechanism must have been involved in the evolution of this region because it has a base change in the middle of the repeat in Ma. martes. It has been reported that imperfections tend to stabilize microsatellites (Goldstein and Clark 1995) but also that short homogeneous repeat regions, such as the ones found in Ma. foina, have lower mutation rates than do longer homogeneous stretches (Brinkmann et al. 1998 ). This triple variability in a single locus adds to the evidence that it is often not possible to assume that a stepwise-mutation model has driven the evolution of microsatellites when making phylogeographic and phylogenetic inferences (Colson and Goldstein 1999) .
Locus Mel10 is useful for distinguishing between morphologically similar species of Martes that are sympatric in Eurasia. Because the marker described from this locus is based on polymerase chain reaction technique, microsatellite amplification can be achieved from minute amounts of tissue such as those found in fecal remains, hairs, and other samples collected noninvasively. The marker has the potential to contribute to the study, management, and conservation of Martes populations.
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